In a previous publication (Stokes and Osborne, 1955) , a selenite brilliant-green enrichment medium was described which is more effective than selenite F broth in restricting the growth of strains of Escherichia and Proteus. Although this new medium should be generally useful in the isolation of Salmonella, for example, in public health laboratories, it is not entirely satisfactory for use with egg products. These products, for reasons which are not yet entirely clear, nullify to a great extent the selective properties of enrichment media for Salmonella (Hurley and Ayres, 1953) . This fact has led, in some instances, to the use merely of Ringer's mineral salt solution as the enrichment medium for dried egg samples (Haines, Elliot, and Tomlinson, 1947) , although it is nonselective.
Whole egg and egg yolk also reduce considerably the selective properties of the selenite brilliant-green medium. We have found, however, that the addition of a small amount of sulfapyridine to the medium restores all its selective properties, even in the presence of as much as 20 per cent liquid whole egg. The neutralizing effect of egg products on the selectivity of selenite brilliant-green medium and its elimination by sulfapyridine are described in the present paper.
MATERIALS AND METHODS
The composition and preparation of selenite brilliantgreen medium and cell suspensions and also the general I Present address: Chemical Corps, Biological Laboratories, Camp Detrick, Frederick, Maryland. procedures used are the same as those previously described (Stokes and Osborne, 1955) . Sodium sulfapyridine was prepared as a 1 per cent stock solution and added to the medium after the other ingredients had been dissolved and adjusted to pH 7. At acid reactions, sulfapyridine tends to precipitate, but will redissolve when the pH is raised. The medium may be stored in the refrigerator for at least a week without the occurrence of significant change.
The liquid and dried whole egg, yolk, and albumen were prepared aseptically. Commercial production samples of some of these products, with their natural microbial contamination, were also used in testing the efficacy of the sulfapyridine medium.
The inocula consisted of approximately 1 cell of Salmonella and 100 cells of Proteus or Escherichia per milliliter of medium, unless otherwise indicated.
For convenience, the selenite brilliant-green sulfapyridine medium is referred to as the SBS medium.
RESULTS

Influence of Egg
The stimulatory effect of various concentrations of liquid whole egg on the growth of Proteus vulgaris, Escherichia coli, and Salmonella oranienburg in the unmodified selenite brilliant-green medium is clearly evident from the data in table 1. In agreement with our previous results, P. vulgaris and E. coli fail to grow in the absence of egg, although S. oranienburg grows luxuriantly. The addition, however, of as little as 0.1 It is clear, therefore, that although the selenite brilliant-green medium supports excellent growth of Salmonella from very small inocula, it lacks adequate selectivity in the presence of egg products. A 10-fold increase in the concentration of brilliant green and variations in the concentration of taurocholate failed to change the situation materially and indicated that the enrichment medium needed to be modified in a more basic or qualitative manner.
Effect of Sulfonamides
During the early stages in the development of the selenite brilliant-green medium, the sulfonamides, sulfadiazine, sulfathiazole, sulfasuccidine, and sulfapyridine were tested, along with a variety of other compounds, as possible preferential inhibitors of organisms which may associate with Salmonella. Although the preliminary results, especially those with sulfapyridine, were promising, the sulfa compounds were discarded in favor of other modifications of the medium which resulted in better selective properties. In view of these earlier results with sulfonamides and also because Galton et al. (1952) reported an increase in the number of isolations of Salmonella from the feces of dogs by incorporation of sulfathiazole into tetrathionate enrichment broth, we investigated the effect of sulfapyridine on the growth of Salmonella and competitors in the selenite brilliant-green enrichment medium in the presence of egg products.
It was soon found that the addition of small amounts of sulfapyridine to the medium with egg restored the inhibitory properties of the medium for Proteus and Escherichia to essentially the same levels as those obtained in the absence of egg material. Typical results are shown in table 4. Without sulfapyridine, both Salmonella and Proteus grow luxuriantly, and E. coli also develops appreciably. In the presence of 300 jg or more of sulfapyridine per milliliter of medium, however, the growth of P. vulgaris and E. coli is greatly reduced, and only very small populations arise. Although multiplication of S. typhimurium is also repressed by sulfapyridine, the extent is much less than that for the other organisms, and, as a result, the ratio of Salmonella to competitors is increased. On the basis of this and similar experiments, a level of 500 ;ug of sulfapyridine per is streaked, for example, on brilliant-green or bismuth sulfite agar in order to obtain Salmonella colonies. Several such colonies should appear on a plate streaked from an enrichment culture containing as few as a thousand Salmonella cells per milliliter. This calculation has been confirmed by direct experimentation with brilliant-green agar. Therefore, the approximately 50,000 to 100,000 cells of S. pullorum obtained per milliliter of SBS medium is more than sufficient to permit isolation.
Growth of the coli-aerogenes strains, P. vulgaris and Bacillus cereus, was either completely inhibited or gave rise to only very small populations. Further inhibition of these strains can be expected on the selective agars normally used for isolation. Although not included in table 6, two additional strains of Proteus, P. morganii and P. rettgeri, failed to grow in selenite brilliant-green medium with egg, even in the absence of sulfapyridine.
Frozen and Dried Egg Products
Results similar to those with the fresh liquid whole egg and yolk were also obtained with the corresponding frozen and dried products. As much as 10 per cent of these may be used. As indicated previously, albumen restricts somewhat the growth of Salmonella, and with 10 per cent dried egg white only about 100,000 cells per milliliter of medium may be obtained. But this level is still adequate to permit isolation of the Salmonella. In practice, it may be preferable to limit the amount of dried albumen in the medium to 5 per cent.
Prolonged Incubation A few experiments were made in order to determine the effect of increasing the incubation time of the enrichment cultures from 1 to 2 days. The longer period was not favorable for most of the Salmonella strains. The cultures which gave rise to about a billion cells per milliliter in 1 day contained only a few million viable cells after 2 days. The Salmonella, therefore, die rather rapidly after full growth. In contrast, the longer incubation period permitted greater growth of the competitors of Salmonella, especially Proteus. The only advantage of the 2-day period was the greatly increased growth of S. pullorum. In order to be more certain of isolating the latter from egg products, it may be worth while to attempt isolation from the enrichment cultures both after 1-and 2-day incubation.
Experiments with Commercial Samples of Egg Products
It was desirable to determine the fate of small numbers of Salmonella in SBS medium when in direct competition with the varied microflora of egg material prepared under commercial conditions. A number of plant samples of both liquid and dried whole egg, free from Salmonella under the test conditions, were used in the following experiments. Experiment A. Four samiples of li(uid egg obtained fronm a breakinig line had counlts which ranged from 48,000 to 468,000 bacteria per milliliter. One of the samnples cointainied 12 per cetit salt. One milliliter of each sample was added to tubes containing 9 ml of SBS medium and inoculated with approximately 10 cells of S. typhimurium contained in 1 milliliter of water. After overnight incubation, these enrichment cultures, undiluted and also diluted 100-and 10,000-fold, were streaked on brilliant-green agar. A duplicate set of plates containing brilliant-green agar plus 0.1 per cent sulfapyridine was also streaked. Care was taken to adjust the latter medium to pH 7. It was thought that the sulfapyridine might help inhibit any Salmonella competitors which might survive or grow in the enrichment cultures.
S. typhimurium was recovered in all instances, as judged by the nature of the growth on brilliant-green agar, by microscopic examinations and also by agglutination tests with group-specific antiserum. Plates streaked from the undiluted enrichment cultures contained some growth of acid-forming gram negative short rods, but these were much less abundant than Salmonella and were virtually absent from the plates streaked with diluted enrichment culture. Essentially pure cultures of Salmonella were obtained on all plates of the brilliant-green agar containing sulfapyridine, which indicates that the sulfapyridine improves the selectivity of the agar. Since many Salmonella colonies were present on the plates streaked with a loopful of the 1 to 10,000 dilution of the enrichment cultures, there must have been millions of Salmonella cells per milliliter of enrichment culture, in contrast to the one cell originally inoculated. Experiment B. Twelve dried-egg samples were used. These had counts ranging from 2,500 to 20,000 bacteria per gram. One-gram quantities were placed in tubes containing 9 milliliters of SBS medium. One set of tubes, representing six samples, was inoculated with 10 cells of S. typhimurium per tube and the remainder with only 1 or 2 cells per tube. After overnight incubation, the enrichment cultures were streaked on brilliant-green agar, with and without sulfapyridine, in the manner described in experiment A. S. typhimurium was recovered in all cases, and virtually in pure culture from the diluted enrichment cultures on brilliant-green agar and even from the undiluted cultures on the sulfapyridine agar.
Experiment C. A batch of shell eggs consisting of heavy dirty leakers was broken out. A relatively enormous number of bacteria, 19,000,000 per milliliter, were present. One milliliter of egg material was added to nine milliliters of SBS medium and inoculated with 10 cells of S. typhimurium. After overnight incubation, the Salmonella were readily recovered on brilliant-green agar from the undiluted enrichment culture and also from the latter diluted 1 to 100 and 1 to 10,000. Experiment D. Under practical conditions it may be necessary to determine whether a particular batch of dried egg contains as little as one Salmonella cell per 100 g. In order to determine whether the SBS medium will permit isolation of Salmonella under such stringent conditions, the following experiment was made. Ten replicate 100-g quantities of dried egg were placed in a series of flasks, each with 1 L of SBS medium. The egg contained 34,000 bacteria per gram. An S. typhimurium cell suspension was diluted to contain 1 or 2 cells per milliliter. Plate counts of 10 replicate 1-ml portions of this suspension yielded a range 0 to 4 colonies per milliliter. One milliliter of cell suspension was added to each flask. After overnight incubation, it was possible to recover S. typhimurium on brilliant-green agar from 6 of the 10 replicate enrichment cultures.
The results of these four experiments demonstrate that the SBS enrichment broth is selective enough to permit isolation of Salmonella from naturally contaminated egg and that it is sufficiently sensitive to permit isolation of Salmonella, even when only one viable cell is present in 100 g of egg. In addition, the results suggest that the selectivity of brilliant-green agar is improved by the addition of 0.1 per cent sodium sulfapyridine.
Preliminary experiments suggested that the SBS medium will support abundant growth of Salmonella from small inocula, also in the absence of egg material. It is possible, therefore, that the sulfapyridine modification of the selenite brilliant-green medium may be better than the latter for general use in the isolation of Salmonella, because of the added protection provided by the sulfa drug against the tendency of the test material to neutralize the selective properties of the enrichment medium.
DISCUSSION
Unequivocal proof of the presence of Salmonella in natural materials requires isolation of the organism in pure culture from among the numerous and varied associated microorganisms. This is accomplished by the use of enrichment media which favor the growth of Salmonella over competitors. The latter may be either completely or only partially suppressed. Full inhibition of gram positive contaminants is not difficult to attain because they have a greater susceptibility to the toxic effects of dyes, metals, and other selective reagents than do Salmonella and gram negative bacteria in general. The most effective enrichment media, tetrathionate and selenite broth, are less than satisfactory, however, for the inhibition of gram negative competitors of Salmonella, particularly strains of Escherichia, Aerobacter, and Proteus. This is not surprising, because of the great similarity of the latter to Salmonella in morphology and metabolic patterns. Together with Salmonella, they form a natural, closely related group. Despite the many obvious similarities, however, subtle differences must exist within the group, since Salmonella are usually less sensitive to inhibition by tetrathionate, selenite, and brilliant green than, for example, Escherichia. The reasons for these differences are not yet known, but elucidation of the underlying mechanisms would lead unquestionably to a more rational approach to the development of better enrichment methods for Salmonella.
Another important factor which limits the selectivity of enrichment media is the marked tendency of organic matter added with the test sample to neutralize the inhibitors of the medium. Because Salmonella usually occur in natural materials in very small numbers, it frequently becomes necessary to use relatively large amounts of test material, and this accounts for the importance of the problem. In the case of egg products, we have succeeded in maintaining the selective properties of the selenite brilliant-green medium by the addition of sulfapyridine. But it cannot be expected that the proposed medium, or any other, will permit only Salmonella, and also every cell of Salmonella, to grow and at the same time completely to suppress the growth of all other microorganisms. Invariably, resistant Salmonella competitors will be encountered which will develop fully. Likewise, there will be sensitive Salmonella cells which will fail to grow. This possibility imposes a limit to the selectivity of enrichment media, especially since only a few Salmonella cells are usually introduced into them. Throughout our experimental work, we have paid particular attention to S. pullorum, because this species grows more slowly and appears more sensitive to inhibitors than do other Salmonella. Although the described selenite brilliant-green sulfapyridine does not support luxuriant growth of strains of S. pullorum in one day, it allows sufficient growth to permit isolation.
ACKNOWLEDGMENT
We are greatly indebted to Dr. Richard Forsythe, of Henningsen, Inc., for the commercial samples of dried egg.
SUMMARY
The selectivity of selenite brilliant-green medium for the isolation of Salmonella is decreased by egg products. However, it can be restored to its original level by addition of 0.05 per cent sodium sulfapyridine. This modified sulfapyridine enrichment broth is sufficiently selective and sensitive to permit isolation of Salmonella, even when only one viable cell is present in 100 g of commercial, naturally contaminated dried egg. There is evidence that the medium may be satisfactory, also, for general use in the isolation of Salmonella.
The addition of 0.1 per cent sulfapyridine to brilliantgreen agar enhances its selectivity for Salmonella.
